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evaluate the temperature-coefficient of diffusion in  the case of 
certain solutions. 
2.  To deduce an expression for the coefficient of diffusion, 
K,, at any definite concentration, n, which is now rendered 
possible by  the simpler form of the corrected formula: deduced 
in the next section ; and to  find the numerical value of this 
quantity for specified concentrations of solutions of certain 
salts. 
9 3. Theory. 
The theory previously published in the first Paper men- 
tioned in § 1 must be amended as follows :- 
Let L =total length oi the diffusion tube. 
N=constant concentration of solution at bottom of the 
D=its constant density. 
n=concentration of the solution a t  a point I cms. below 
the top of the tube when the steady state has been 
reached. 
diffusion tube in gnis./cc. 
d=density of the solution at the same point. 
w=velocity downwards of the water-component of the  
vo=velocity downwards of the water at the top of the 
Now 
1 cc. of solution contains (d-n) grammes of water, and since 
the same mass of water crosses each section of the tube per 
second in the steady state 
Also, when the steady state is reached, the mass of salt passing 
each section of the tube per second is constant=c. 
The change, i, in weight of the flask per second is equal to 
the mass of salt leaving it per second minus the mass 01 water 
entering per second, or in symbols 
Z=C-VP.  
Let 6 represent the ratio of the change in volume produced 
in the solution, t o  the change in the amount 01 salt presenl. 
Then, since every second c grammes 0: salt escape from the 
flask, the volunic changes by c6 cc., or cd cc. ot water enter thc 
flask per st cozid froin the bath, 
solution in the tube at  the sanie point. 
the tube, where Z=O. 
Assume the area oi cross-section of the tube is unity. 
e(d -n )  =v0. 
?..e., vo-cd. 
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Thus .v=cS/(d -a) 
and i=c-cd 
=c( 1 - 6 ) .  
Tn the previous work the mistake was made of assuming that  
( 6  cc. of solution entered the flask from the tube. The error 
nil1 be made quite obvious if the upper end of the tube is con- 
,hidered, instead oi the lower ; or i t  can be arguecl that if c 
grammes of salt leave the flask, the volume they occupied innst 
be taken by unk>r, and not by solution, for if so, sonic salt 
\voulcl return into the tiask arid the quantity leaving wodtl not 
be c. 
Under the combined actions of the movements of the liquid 
and diffusion i t  follows that 
Substituting the value of w already found 
c= -vn+Kdn/dl. 
c(d-n+nd)/(d-n)=Kdn/dl . . . . (1) 
Kow d is approximately a linear function of n and we niake 
v(xry little error if we assume that over any given range of 
concentration d= 1 +an, where CL is some constant depending 
hghtly on the upper limit of concentration N ,  and whose 
value may be considered to be very approximately equal to 
the mean slope of the true curve of d and n between the limits 
zero and N .  
If b is written for ( 1  - a )  equation (1) becomes 
(c+n(w,-bc))/(l -bn)=Kdn/dZ, 
the solution t o  which is 
(w,-bc)N+c I ,  
* , (2 )  - _- bLV Vn loge c K '  
- .... . -+- 
(vO - 6 ~ ) ~  V O  - 6~ 
Since (w,--bc)N is small compared with c this may be written 
I, . . ( 3 )  
C 
These equations are exactly of the same form as those 
already published in equations (2) and ( 3 ) ,  Proc. Phys. Soc., 
SXI. ,  p. 866, 1008, where i t  was mentioned that the third 
trrm in the bracket in equation (3)  was negligible. Owing to  
tlic correction now introduced this tern1 is still smaller, and 
iicuce we map write 
E 2  
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3 i 30 
~ 
31 3 
2 16 I 
I 2 17 I 
10 pcr ccnt. KC1 or 1534 normal or  S-0.1 gm./cc. 
1-338 
18.' 1 1.358 9 0 
1.519 I 2 3 4  
23.6 1 1-520 
10 per cent. K S O ,  or 1.0 nornial or S-0.1 gm./cu. 
0.873 
~ 0.875 -i 
__  
Paper. I Experiment. I Temp. in "U. 
0 i 17 I 1 
2 
2 
I lo 18 I 16.3 1.292 15.1 , 2 2 
~ 
19 lti.2 1.286 
20 16-3 1.303 
5 per cent. KXO, or 0.5 normal or , V = O 4 j  gm. jcc. 
-- 
1 0-883 
0.887 
0 
1 I 0 I 
1 
A comparison of these figures with those previously published 
shows tha t  the correction causes an increase in the numerical 
value obtained for the diffusivity which amounts t o  6 or 7 per 
cent. in the case of 20 per cent. solutions of potassium chloride. 
For a similar solution of sodium chloride the correctio~l is found 
to be only 4 per cent. In less concenti:atecl solutions the 
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correction is smaller, being roughly proportional to the con- 
centration, and may be considered t o  be within the probable 
error of observation for all solutions weaker than 10 per cent. 
3 5. The Temperature Coefficient. 
From the above figures the corrected values of the tempera- 
Thus if K c = K ,  (1 +ut +W) the values of a and Z, are as 
ture coefficient can be calculated. 
follows, for the four solutions mentioned :- 
1 Salt. ' Normality. N in gm. /cr. ~ K , x  105 CC b 
i ~- KC1 , 2-7 0.2 1 1.045 0.020 1 O ~ O 0 0 5 0  I 1.36 , 0.1 0.988 1 0.023 , 0.00047 1 
These figures indicate that in the neighbourhood of 1 8 O C .  
the siiupler formula approxiniately holds 
Kt=K,,  11 +u(t - 18)) , 
where U has the value 0.021 for all these solutions. 
For 2.7 normal KC1 at 18°C. we find 
K1,=1.G39x sq. cm./sec. 
Dr. Gi*ifTiths by two different and independent methods 
obtains ior  a siiiii!ar coricentiat ion a i d  temperature the values 
1.696 and 1.6317x respectively. [See Giiffiths, Proc. P h p .  
Soc., XXVIII., p. 255, 1916.1 
S 6.  The Coefficient of Uifjusion at Difjerent Concentrations. 
If the temperature be niaintaiiied constant during each 
experiment, and in the neighbourhood of 18.5"C. we obtain in 
the same way recalculated results for solutions of potassium 
chloride, potassium nitrate and sodium chloride, which are 
plotted graphically in Fig. 1, and, in order to  save space, the 
values, obtained from the graphs, of the diffusivity a t  1S.5OC. 
for solutions of the concentrations indicaited in the first column, 
are tabulated on next page. 
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Normality. 
0.05 
0.1 
0.2 
0.4 
0.6 
0.8 
1 .o 
1.5 
2.0 
2.5 
3.0 
K x 105 
1.364 
1412 
1446 
1,475 
1,491 
1.506 
1-52 1
1.858 
1.598 
1.636 
1.502 1.159 , 
1.475 , 1.163 
1.446 1.169 
1409 1.181 
1.382 1.190 
1.3G2 1.201 
1.344 1.209 
... 1.226 ... 1.243 ... 1.235 i 
7 .  Diljusion ut u Definite Concentration. 
In practically all the methods of determining the diffusivity 
of salts pr vious to  those employed by the a&hor and his 
clifiusion. That is to say, the rate of diffusion is studied before 
it becomes constant, and the concentration a t  any point in the 
solution is continually changing while the experiment is in 
progress. As is well known, t h e  coefficient of diffusion is not 
the perfectly constant quantity which Vick’s law indicates ; 
but  i t  varies, in some cases considerably, with the concen- 
tration of the solution, so that it  appears irnpossible in the 
present state of development of the theory of cliffusion to say 
t o  what concentration the coefficient obtained refers. 
The interpretation is less indefinite if the steady state is 
employed in which the concentration a t  each point of the 
solution remains quite constant while the measurements are 
niade. These measurements give what the author has called 
the “ mean diffusivity,” K ,  for the solution in the diffusion 
tube, tha t  is, for a solution varying in concentration from zero 
to a certain maximum, N ,  in each experiment, and from the 
determination of this quantity it is found possible to calculate 
the value of the actual diffusivity, K, ,  for a solution of a 
definite concentration, a, in the following manner :- 
The equation for e (equation (4) above) might have been 
obtained by making the initial assumption in equation (1) that 
6=b. This assumption is not strictly true, but even in the 
strongest solutions it only  introduces a small error-probably 
of the order one-fifth of 1 per cent.-in the value obtained for 
the coefficient of diffusion, and this error is smaller the more 
dilute the solution. 
colleagues, e, o attempt is made to use the steady state of 
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With this approximation equation (1) becomes 
c dl? 
1 - n d  cha' 
K - . -  - n- 
By integration this gives 
where K will represent the mean cliffusivity over the range of 
concentration 0 t o  n. 
Differentiating this with respect t o  9% and noting that c is a 
constant in any given experiment, we have 
K x .n( 1 -JnfN=cl, 
c dl  
1 -sad cln K f ( ( l - ~ l ~ s ) / ( l - ~ l b ) ~ r t .  c?K/G?vL=- =Kn. . (6) 
1 '6 
1'2 - - 
I 
0.5 1 0  
NO) Jnul:Yy, 
1 5  L ' i  
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So that  we can find the valuc of thc cocficient, K,,, a t  aiiy 
definite concentration, 12, from the abovc csl)rcusicin itivolvinn " 
n iiieasureineiit of the slope of the esperi1ne;ltal cnrves shown 
i n  Fig. 1. 
T h i  values of the coeffiqient of cliffiisioii a t  l&rt"('. iu C.(:.S. 
units (sq. cni./sec.) thus obtained a t  t h e  defiiiitc concentrntio~~s 
indicated in the first cohmin arc' tabiilaterl bclo\\- :- 
.. 
KC1. liS0, SiLCI. 
K,,  x 105 I li,, x 1 0 5  Normality. - 
0.05 
0.1 
0 .2 
0 4 
0 4  
0.8 
1 .o 
1.5 
2 4 
2.5 
3.0 
1442 
1.450 
1.488 
1.511 
1.534 
1.564 
1 .SJ8 
1.675 
1.75.5 
1.834 
... 
1.464 
1.43; 
1.402 
1.34!) 
1.285 
1.25!) 
~ 
j 1.315 
I 
I ... 
... 
~ 
l*lli4 
1.170 
1.202 ' 
1.220 
1.2:38 
1.248 
1.353 
1.307 
1.327 
1.355 
I 
l.lsl i 
I n  a previous Paper (Proc. Phys. Soc., XXVII., 1). (j4, 
1914) the author attempted to  obtain this quantity K,, but was 
obliged to  make certain assumptions as t o  the inovertlent of 
the liquid which were not strictly in accordance with the facts, 
owing t o  mathematical difficulties in the treatment oE the real 
condtions obtaining in the experimental work, but the simpler 
f o r m u h  now found to be correct enable the actual diffusivity 
at any definite concentration t o  be evaluated for the first time 
without making the assumptions just referred to. As has 
already been mentioned, this calculation appears to be im- 
possible unless the steacly state is employed, and represents a 
new depnTture in work on diffusion. 
ABSTRACT. 
The Paper contains the results of the experiiiients described l)y the 
nuthor in Proc. Phys. Soc. Lond., XXI., 1). 374, 1'308; SXLV., 
1'. 40, 1911 ; and XXVII., p. 56, 1914, collected mid reuillcuhtetl 
in accordance with i i  theoretical correction recently coininunicntctl 
Ijy Dr. Griffiths (Proc. Phys. Soc., XXVlIl., p. 255, 1916). 
It is found tha t  i n  the solutions e m p l o ~ e d  the correction is not; 
considerable, except in the case of the strongest : olutions of  KCI 
(2 .7  normal), where it amounts to 6 per cent.  
The Paper contains tho corrected theory of thc nwthotl, : ~ n t l  tllc 
~ n l u o  f the coefficient of diffusion is tabultLtod at; tlif'ferent limiting 
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concentrations and at various temperatures  ; i t  concludes with a 
new method of calculating t h e  coefficient at a definite concentration 
f rom t h e  experimental results, which appears  t o  be more accura te  
and free from questionable assumptions than previous calculations of 
a similar nature .  
DISCUSSION. 
Prof. G. W. 0. HOWE askcd why the concentration was constant at the  
bottom of the  diffusion tube in t h e  author’s apparatus. 
Prof. BOYS thought this was a n  important point. H e  presumed tha t  
tho upper bulb was sufficiently large t h a t  for t h e  purposes of the experi- 
ment i t  could be regarded as an infinite reservoir. A steady state would 
then he maintained by  the  circulation through tho side tubes, dilute 
solution rising up one into the reservoir, while more concentrated solution 
passed down the  other. 
Dr. P,. S. WILLows askcd why tho coefficient of diffusion was greater 
for strong than  for weak solutions in the  case of some salts, while the 
reverse was true for other salts. 
Mr. CLACK, in rcply to  Dr. Willows, said he did not know of any reason, 
but Dr. S. W. d. Smith had told him that that was what would be expected 
from conductivity data. 
